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The transcription factor that binds to the TonE/ORE, known as TonEBP or OREBP, was independently identified by a yeast one-hybrid assay (9) and its affinity purification (10) . OREBP/TonEBP was also shown to be identical in sequence to NFAT5, a protein independently identified as a member of the NFAT family of transcription factors (11 OREBP/TonEBP is regulated at multiple levels. Hypertonicity induces its nuclear localization (10, 13, 14) . This is accompanied by an increase in the level of OREBP/TonEBP mRNA and protein (9, 13) .
In addition, hypertonicity increases the phosphorylation of OREBP/TonEBP as well as the activity of its transactivation domain (14) (15) (16) . Nevertheless, the identification of specific phosphorylation site(s), as well as evidence directly showing whether phosphorylation is required for its transcriptional activation activity remains elusive (14) .
It appears that the proteasome is involved in the hypertonicity-induced nuclear translocation of OREBP/TonEBP, as the prevention of its nuclear accumulation using a proteasome inhibitor blocked hypertonic induction of SMIT and BGT-1 (17) . Apparently the nuclear translocation is bi-directional, since hypotonicity reduces the nuclear staining of OREBP/TonEBP (13).
Here we identify and characterize three protein motifs, including a nuclear export sequences (NES), a putative auxiliary export domain (AED), and a nuclear localization (20) . c-ABL and Ran-BP1 (Fig. 3B) . To test the functional relevance of this putative NES, we generated an OREBP/TonEBP mutant, in which the four consensus leucine residues in the core NES were substituted with alanines (FLAG-OREBP 1-581 L4A) (Fig. 3C) . Unlike FLAG-OREBP 1-581 , FLAG-OREBP 1-581 L4A
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was localized to the nucleus under isotonic conditions (Fig. 3D, isotonic) , suggesting that the putative NES is a functional NES motif. However, similar to FLAG-OREBP 1-581 , FLAG-OREBP 1-581 L4A
was subjected to hypotonicity-induced nuclear export (Fig. 3D, hypotonic) . Nuclear (FLAG-OREBP 1-581 ∆1-156) localized almost exclusively to the nucleus even in hypotonic medium (2% cytoplasmic, 89% nuclear), which suggested that amino acids residues 132-156 contained a protein domain that is necessary for the hypotonicity-induced nuclear export. Similarly, the GFP chimera of this mutant, OREBP 1-581 ∆1-156-GFP (Fig.  4A) , also exhibited constitutive localization to the nucleus (Fig. 4D ).
To further examine the role of this protein domain in OREBP/TonEBP nuclear export, we generated mutant FLAG-OREBP 1-581 ∆132-156 (Fig. 4A ).
Similar to the FLAG-OREBP 1-581 ∆1-156, this mutant protein was also constitutively localized to the nucleus under isotonic conditions and remained predominantly nuclear (2% cytoplasmic, 85% nuclear) when the cells were challenged with hypotonic medium (Fig 4B and 4C) (Fig. 4E ). (Fig. 5A) .
CRM1 targets NES but not AED
Substitution of the leucine residues of NES with alanines (OREBP 1-581 L4AVC) abolished the fluorescence complementation (Fig. 5A ). (Fig. 5B) . Western blotting analysis showed that these mutants were correctly expressed (Fig. 5C ). These data suggested that NES plays a major role in the interaction with Crm1.
We then investigated whether CRM1 overexpression would direct nuclear export of OREBP/TonEBP. As shown in Fig. 5D , Recombinant protein was visualized after fixation with a FLAG antibody and a FITC-labeled secondary antibody and was analyzed by fluorescence microscopy. Images were examined with X 40 objective. Scale bar: 100 µm. Scale bar: 100 µm.
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